FF a ] RS Py 


PRINCETON Ny a z 
Technical Paper 87 ~—/ O° Petroleum Technology 21 


DEPARTMENT OF THE INTERIOR 


FRANKLIN K. LANE, SECRETARY 


\\.S. BUREAU OF MINES 
VAN. H. MANNING, Drrector 


METHODS OF TESTING NATURAL GAS 
FOR GASOLINE CONTENT 


BY 


G. A. BURRELL anp G. W. JONES 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1916 


Google eee en 


The Bureau of Mines, in carrying out one of the provisions of its organic act—to 
disseminate information concerning investigations made—prints a limited free edition 
of each of its publications. 

When this edition is exhausted copies may be obtained at cost price only through 
the Superintendent of Documents, Government Printing Office, Washington, D. C. 

The Superintendent of Documents is not an official of the Bureau of Mines. His 
is an entirely separate office and he should be addressed: 

SUPERINTENDENT OF DocUMENTS, 
Government Printing Office, 
Washington, D. C. 

The general law under which publications are distributed prohibits the giving 
of more than one copy of a publication to one person. The price of this publication 
is 5 cents. 


First edition. November, 1916. 


» Google 


,INCETON UNIVERSITY 


CONTENTS. 


Page 
Introduction. .2ccan2c26eteqe6 Sc. fa teeo ue backsscenmt Vena sgtas veers eee 5 
The testing of natural gas for gasoline content........-. BNE Se Beset Se RSS Dasse 5 
Specific-gravity testss222 2552550. cns nck cewawe seer tas eter crsenahsenteds 5 
Solubility tests.a. 2s. csi ots nsanscdseesepPewearvcsscsdsiele ssid wines 7 
Characteristics of some of the oils used..........2.2-0..22-0-2--0-05- 7 
Solubility of natural gas in different oils..... Spidstes oaieas Hawk veaeeds 8 
Solubility of methane and ethane.............2...0--. scene eee eee 8 
Manipulation of apparatus for determining the solubility of natural 
PAR TNO Sis ss tha Deep snadedsanetdeseshQredticcesearesseeeetes es 8 
Yields of gasoline corresponding to values obtained in specific gravity and 
ADSOTP TOM VOSS. hes idcsce vis se Sa ars s Ab shes 285 steam aah eeblier de das Veet 10 
Results of applying tests to residual gas.............2.-222-202 02sec eee eee 10 
Testing “dry” natural gas for gasoline content........-.---.---2---.-+-- ll 
Testing with small portable absorber..............-.2--.-2.--22--0- 11 
Laboratory method for testing “dry” natural gas...............----- 12 
Arial vais or Hattirals ga8: w.)/ bode sy Sacer. kiceumanse vac acetate aqtdoaupeniese s 14 
Procedure in making analysis... ........-2-s-cece eee e eee e nee e cece eceece 14 
Example of a typical analysis.............2.22 2022-2 cece eee eee eee ee eee 16 
Calculation of the specific gravity.............-2--.-2-2220 eee eee 17 
Calculation of heating value........--2..-- 2.22 - ee eee eee eee eee eee 17 
Measuring the flow of natural gas...........2-.- 20-2 e cece ee eee cece eee eees 18 
Orifies MelOP.. 636 s2scsicc snore osee snes sels gcssepeices siseseseseaeaecaceses 18 
Pitot tube for testing open flow of gas wells............----.-.----2-0--- 21 
SUMMA ss cscsac ks cu sghisites ores oe sa Lote sale Stone aecuaewReeeae sancaie's's 24 
Publications on petroleum technology......-..-.-.-.2-22+esceeeeeeceeeeeees 25 
ILLUSTRATIONS. 
Ficure 1. Apparatus for determining specific gravity of natural gas.......-... 6 


2. Apparatus for determining the solubility of natural gas in oil. -.--. 9 
3. Portable absorber for testing ‘“‘dry”’ natural gas for gasoline content. 11 
4. Apparatus for determining the gasoline content of “dry” natural 


BOS cee ign seas 5 © aicieraldhatergin-ayeiciapga'a"e are) pratsra Sistas Re nivale om eeah Mine 13 

5. Laboratory form of apparatus for analysis of natural gas........... 15 

6. Orifice meter for testing small flows of natural gas................ 18 

Ts "PitOtiTUDes an.csssacesdecsessesercont se asc bStasobedcadbesaadaiher 21 
3 


METHODS OF TESTING NATURAL GAS FOR GASOLINE 
CONTENT, 


By G. A. Burrety and G. W. Jonzs. 


INTRODUCTION. 


The Bureau of Mines is conducting a series of investigations with 
the common aim of minimizing the losses that occur in the mining 
and treatment of mineral substances. The results of the investiga- 
tions are being published in reports of the bureau. This report treats 
of methods of testing natural gas for gasoline content, and especially 
discusses those tests that can be used to show the applicability of 
the compression and condensation process and the absorption process 
for producing gasoline from natural gas. 


THE TESTING OF NATURAL GAS FOR GASOLINE CONTENT. 


Before a plant for extracting gasoline from natural gas is erected 
the yield and quality of the natural gas to be used should be thor- 
oughly investigated. In the early days of the ‘‘casing-head’’ gaso- 
line industry the failure of some plants to fulfill expectations was 
due to inadequate testing of the gas before construction of a plant 
was begun. More recently methods of testing natural gas for gaso- 
line have become better standardized, and there is scarcely any ex- 
cuse for the failure of a plant because of inadequate preliminary tests. 

By itself the ordinary combustion method for determining the 
methane and ethane content of natural gas is of little value for esti- 
mating the gasoline content. In addition, it is difficult to perform, 
and a gas analyst must have had experience in methods of analyzing 
refined gas before he can make a satisfactory analysis of natural gas, 
especially casing-head gas. Moreover, this method informs one only 
of the two predominating paraffins present and gives slight informa- 
tion on the quantity of gasoline vapors. As a result, chemists early 
turned their attention to other more definite and more easily con- 
ducted tests. The laboratory tests that have been adopted and are 
chiefly used are those for specific gravity and solubility. 


SPECIFIC-GRAVITY TEST. 


Natural gas may vary in specific gravity from about 0.56 (air=1) 
to as much as 1.65, or from a gas containing methane as the only 
paraffin hydrocarbon, the methane constituting 99 per cent or more 
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6 METHODS OF TESTING NATURAL GAS FOR GASOLINE. 


of the total volume of the gas, to an extremely ‘‘wet’’ gas, from 
which gasoline in quantities up to 4 or 5 gallons per 1,000 cubic feet 
can be obtained. 

Specific-gravity tests may be made either by weighing the gas in 
a small glass vessel or by means of the effusion method first proposed 
by Bunsen. The weighing method is the more accurate, but for test- 
ing casing-head gas for its gasoline content 
f sufficiently reliable results can be obtained 
e by the effusion method, and it possesses the 
d advantage over the weighing method that a 

test can be easily and rapidly made. 
With the Bunsen effusion method the spe- 
cific gravity of a gas is determined by noting 
c the rate at which a certain volume of the gas 
passes through a small orifice. The rate at 
which a like volume of air passes the orifice 
is also determined. The specific gravities are 
then in inverse ratio to the squares of the 
rates of effusion. 

Some natural gas contains large percent- 
ages of nitrogen and carbon dioxide. Nitro- 
gen has a specific gravity of 0.97 and carbon 
dioxide has a specific gravity of 1.53 (air=1). 
If natural gas which contained these gases in 
large proportions was being tested and tests 
were not made for them, the experimenter 
would be misled, because of the hydrocar- 
bons present, into believing that the gas was 
heavy. 

In an extreme instance the senior author 
found that gas issuing from the ground in 
the State of Washington contained 98.5 per 
cent of nitrogen. Much of the natural gas 
used in Texas contains as much as 40 per cent 
of nitrogen, and proportions as high as 10 per 
cent are not uncommon. 

The largest amount of carbon dioxide the 
Ficure 1.—Apparatus for deter- ®Uthors have found in a sample of natural gas 

mining specific gravity of nat- was 30 per cent. This is an unusually high 
ae percentage, but proportions as high as 10 
per cent, especially in natural gas are found in California, 

The natural gas in the Appalachian fields does not contain enough 
carbon dioxide and nitrogen to affect the specific-gravity determina- 
tion in its bearing on the gasoline content. The same is true, in most 
cases, of natural gas found in Oklahoma and Louisiana. Some natu- 
ral gas in Kansas and Texas has an uncommonly high nitrogen content. 
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THE TESTING OF NATURAL GAS FOR GASOLINE CONTENT. i 


The authors have used the type of apparatus known as the Schil- 
ling (fig. 1) for the specific-gravity determination. It consists of a 
glass jar, b, with a metal top into which fits a brass column having 
suspended from its base a long graduated tube, a, and at its top a 
cock, c, and a ground-joint socket, d, into which sets a socket holding 
a small glass tip, e, closed at the top with a thin piece of platinum -f. 
In this platinum is a minute hole to permit the passage of gas or air 
at a very slow rate. All the metal parts are nickeled. The mode of 
operation is as follows: The glass jar is filled with water to the top 
graduation mark of the tube or to a point a little above it. The tube 
is then withdrawn so that it may be filled with air. The cock on the 
standard is then closed and the tube is replaced in the jar. The cock 
is then opened, and the number of seconds required for the water to 
pass from the lowest graduation mark to the graduation mark above 
it is recorded with a stop watch. The tube is then withdrawn and 
filled with gas and the procedure repeated. The specific gravity 
(air=1) is obtained by dividing the gas time squared by the air 
time squared. Thus, if A represents the time required for the gas 
to pass through the orifice, and B represents the time required for 
the air to pass through the orifice, the specific gravity of the gas will 


be represented by (5. 
SOLUBILITY TESTS. 


Natural gas is soluble in various solvents, such as ‘‘mineral seal 
oil,” ‘‘straw oil,’’ alcohol, claroline oil, olive oil, sperm oil, and rape- 
seed oil, in proportions depending upon the amount of higher hydro- 
carbons present in the gas. In other words, the larger the content 
of gasoline constituents in a sample of natural gas the greater will be 
the solubility of that natural gas in the oil. 


CHARACTERISTICS OF SOME OF THE OILS USED. 


“Mineral seal oil’’ has the following characteristics, as determined 
by E. W. Dean, petroleum chemist of the Bureau of Mines. 


Characteristics of “mineral seal oil.”’ ‘ 
Flash point (Pensky-Martens closed apparatus), 135° C. (275° F.). 
Burning point (Pensky-Martens open apparatus), 160° C. (311° F.). 
Specific gravity (water=1), 0.850, or 35° B. 
The claroline oil used had the following characteristics, as deter- 
mined by the authors: 


Characteristics of claroline oil. 


Specific gravity, 0.8667 at 15° C. 

Viscosity, 4.4° Engler at 20° C. 

Flash point, 152° C. (Pensky-Martens closed test). 
Ignition point, 270° C. (Pensky-Martens closed test). 
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8 METHODS OF TESTING NATURAL GAS FOR GASOLINE, 


Claroline oil is a distillate from petroleum and is similar, as regards 
its use for the purpose here described, to Russian white oil or the 
several substitutes that are used in this country at the present time 
for Russian white oil. 

“Straw oil” is a petroleum distillate with a specific gravity of 
about 37° B. 


SOLUBILITY OF NATURAL GAS IN DIFFERENT OILS. 


The solubility in different oils of the natural gas, a ‘‘dry”’ gas, 
used in the city of Pittsburgh, Pa., is as follows: 


Solubility in various oils of the natural gas used in Pittsburgh, Pa. 


Character of oil Solubility 


Kind of oil used as solvent. used. 


It was possible to check the above determinations within 0.5 per 
cent. Considerable uniformity as regards the solubility of the natu- 
ral gas in the different oils will be noticed. In testing different 
samples of natural gas by the solubility method the authors have 
principally used claroline oil, Russian white oil, and ‘‘mineral seal oil.”’ 


SOLUBILITY OF METHANE AND ETHANE. 


The solubility of pure methane in claroline was 11 per cent and in 
cottonseed oil 9.5 per cent. The solubility of pure ethane in claro- 
line oil, as determined by the authors, was 68.5 per cent. © 


MANIPULATION OF APPARATUS FOR DETERMINING THE SOLUBILITY OF 
NATURAL GAS IN OIL. 


An apparatus which the authors have used for determining the 
solubility of natural gas in oil is shown in figure 2. The principal 
parts are the burette d and the pipette a. The bulb b of the pipette 
has a capacity of 35 c. c. and is in communication with the bulb a 
through a three-way stopcock c. 

Exactly 35 c. c. of oil is used in making a test, and as this quantity 
is not enough to fill the pipette @ another liquid must be introduced 
in the pipette @ to help fill this space and support the oil. For this 
purpose mercury or water may be used. To prepare the apparatus 
for use, enough water is poured in the reservoir bottle 7 to fill @ and 
leave a small quantity in 7. The water is forced into @ by raising 
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the bottle 7. Next the cock c is turned to deliver the oil (35 c. c.) 
previously placed in 6 into the bulb a. This oil will rest above the 
waterina. The apparatus is then ready for making a determination. 

The sample (100 c. c.) is transferred from the sample tube e to the 
burette d and accurately measured. Connection is then made be- 
tween the burette and the absorption pipette, and the gas is passed 
into the pipette, is shaken with the oil for about three minutes, drawn 


FiGuRE 2.—Apparatus for determining the solubility of natural gas in oil. 


into the burette, and measured. Next it is passed into the absorp- 
tion pipette, again shaken with the oil, and measured. The two 
burette readings should check within 1 per cent. Fresh oil is used 
for each test. 

In brief, the method consists in shaking 100 c. c. of the natural gas 
with 35 c. c. of oil until absorption ceases. Instead of oil, ethyl alco- 
hol can be used, but in that case 50 c. c., not 35 c.c., should be used. 

60596°—16——2 ; 
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The test is an arbitrary one and is useful only because a large num- 
ber of tests have been made of natural gas from different wells, some 
of which is being treated to extract the gasoline content. By com- 
paring the solubility of new samples of natural gas with the results 
obtained on other samples that represent gas from which gasoline 
can be profitably extracted, the gasoline content of the former can 
be estimated. The same is true of the specific-gravity test. 


YIELDS OF GASOLINE CORRESPONDING TO VALUES OBTAINED 
IN SPECIFIC GRAVITY AND ABSORPTION TESTS. 


The authors have compiled a table which gives the specific gravity 
and solubility in oil of different grades of casing-head gas and the 
yield of gasoline that is obtainable by compressing and condensing 
the gas. 

The yields of gasoline as given in the table below, corresponding 
to different absorption and specific-gravity tests, were derived by 
testing natural gas from which gasoline was being obtained in actual 
plant operation. Some uncertainty exists regarding the yield of gaso- 
line obtained, owing to the fact that such data could not be accurately 
obtained. At most of the plants visited, meters were not in- 
stalled to measure the gas that was being treated. Hence the figures 
were compiled from the yield as estimated by the owner of the plant, 
and in some cases checked, as closely as could be done by this method, 
against the piston displacement of the gas-compressor cylinder. In 
some plants the gas was actually being measured by means of a meter. 
In all cases the yield represents the actual amount of gasoline sold 
after “weathering.” The results were’as follows: 


Yield of gasoline from casing-head natural gas by compression method, corresponding 
to absorption and specific gravity tests. 


Yield of Yield of 
afl Specific gasoline, ta Specific gasoline, 
oll ; Ne gravity. | gallons per oil ste gravity. | gallons per 

pity (Air=1.) | 1,000 cubic pian, (Air=1.) | 1,000 cubic 
= feet of gas. = feet of gas. 
16 0. 64 None. 50 1,20 3.00 
23 83 1.00 48 1.37 3.50 
30 90 1.75 44 1.38 3.50. 
37 1.00 2.00 65 1,38 4.00 
39 1.03 2.50 84 1.41 4.50 
38 1.07 3.00. 86 1,46 5.00 
54 1.21 3.50 


RESULTS OF APPLYING TESTS TO RESIDUAL GAS. 


It should be stated that both the specific-gravity test and the 
oil-absorption test fail when applied to residual gas from a gasoline 
plant because, although the results obtained will indicate high 
specific gravity and oil absorption, principally because of the pres- 
ence of large percentages of the hydrocarbon gases ethane and pro- 
pane, yet the plant will have extracted the vapors of the liquid 
paraffins that constitute gasoline. 


Google 


— 


THE TESTING OF NATURAL GAS FOR GASOLINE CONTENT. 11 


TESTING “DRY” NATURAL GAS FOR GASOLINE CONTENT. 


The extraction of gasoline from so-called “dry’’ natural gas by the 
absorption method is essentially different from the method of treating 
“casing-head”’ or “wet” natural gas by the compression and con- 
densation method. In the for- 
mer method the natural gas is 
brought in contact with a petro- 
leum distillate having a specific 
gravity of about 35° B., such as 
“mineral seal oil” or “straw 
oil,” and the gasoline in the nat- 
ural gas absorbed by the oil. 
The oil, charged with gasoline, 
is pumped to a steam still, by 4-inch pipe 
which the gasoline is recovered. 
The oilis then cooled and passed 
back into the absorber to re- 
cover another charge of gaso- Baffle plate 
line. The process is continuous 
in that the oil is used over and 
over again. 

By this method natural gas 
poor in gasoline, or ‘‘dry”’ gas, 
can be treated.. There are 
probably no “‘casing-head”’ gas- 
oline plants that are treating 
gas that yields less than about 1 
gallon of gasoline per 1,000 cu- 
bic feet of gas, whereas with 
the absorption process anatural 
gas containing less than 1 pint 
of gasoline per 1,000 cubic feet 
can be treated at a profit. 

For testing this “dry’’ gas it 
is desirable to use methods dif- 
ferent from those used in test- 
ing casing-head gas, because the 
amount of gasoline in “dry” gas 
is so small. 


3-inch pipe 
Gas outlet 


3-inch pipe 
3-inch tube 


4-inch pipe 


\ 
\ 


Figure 3.—Portable absorber for testing ‘‘dry’’ natural 
gas for gasoline content. 


TESTING WITH SMALL PORTABLE ABSORBER. 


One method which the authors have successfully used consists in 
treating the gas in a small portable absorber in a manner similar to 
that in which the gas is treated in a large plant. This absorber? is 
shown in figure 3. It is built on the principle of a Friedrich gas- 


4 Designed by G. A. Burrell and P. M. Biddison. 
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washing bottle and consists of two lengths of 4-inch pipe, e and 6, 
joined with a piece of }-inch pipe and a coil of }-inch pipe, f.. The 
lower end of the }-inch pipe extends into a 14-inch pipe, as shown. 
The gas enters the absorber through a }-inch pipe which is provided 
with a number of small perforations that serve to break up the gas 
into many small streams inside the absorber. At least two absorbers 
in series are used in making a test. 

To make a test with this absorber, the }-inch plug at the top is 
removed and 1,700 c. c. (accurately measured) of ‘‘mineral seal oil’ 
are poured into the apparatus. The author has used quantities of 
oil varying from 1,500 to 2,000 ¢. c., about 2 quarts, in this type of 
absorber. Whatever the amount of oil used, it should be carefully 
measured. The }-inch plug is then screwed in place, a valve placed 
at ce, and a piece of }-inch pipe extended from this valve to a small 
domestic gas meter. : 

Connection with the natural gas supply is made at the 4-inch gas. 
inlet, the valve at the gas outlet ¢ is closed, a pressure gage placed 
at the }-inch plug, and the natural gas turned on until the pressure 
inside the absorber rises to the pressure of the line from which the 
gas supply is drawn. 

When the pressure rises to the proper point the valve at eis opened 
slightly to release the gas through the meter. After entering the 
absorber the gas passes up in many fine streams through the oil in 
the pipe a, then through the pipe coil f into the pipe 6, and out 
through the meter, where the gas is measured. The function of the 
}-inch pipe extending through a is to provide circulation of the oil 
in the apparatus while the test is in progress. The function of the 
pipe coil f is to provide long and intimate contact between the oil 
and the gas as the gas passes through the absorber. About 100 
cubic feet of gas is passed through the absorber at the rate of about 
100 cubic feet per minute. The apparatus is made of iron pipe and 
welded to withstand high pressures. 

After the gas has been passed through the absorber, about 1,000 
c. c. (about 1 quart) of oil is withdrawn from the absorber through 
the 4-inch cock at the bottom, accurately measured, and submitted 
to distillation in a small laboratory distilling flask to separate the 

absorbed gasoline from the oil. 


oe 


LABORATORY METHOD FOR TESTING ‘‘DRY’’ NATURAL GAS. 


A laboratory method which the authors have used in testing 
natural gas for its gasoline content consists in subjecting the natural 
gas to a temperature of about —115° C., and then withdrawing as 
much of the natural gas as is possible by means of a vacuum pump. 
This procedure separates the natural gas into two parts, (1) the gaso- 
line that stays behind in the liquefication bulb, and (2) the natural 
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gas that is withdrawn. Then the refrigerant is removed from the 


gasoline, the latter allowed to vaporize, 
and its partial pressure measured. This 
pressure is proportional to the volume of 
gasoline vapor originally contained in the 
sample. A temperature of about —115° 
C. is used, because at this temperature the 
vapor pressure of the gasoline constituents 
is practically negligible. The vapor pres- 
sure of isobutane is 1 mm. at 115° C. and 
that of normal butane is 1 mm. at — 100° 
C.2 The principal part of the apparatus 
with which the laboratory freezing is per- 
formed consists of the apparatus shown in 
figure 4. The apparatus is exhausted of 
air and mercury placed in the closed gaged. 
Enough mercury is introduced so that its 
levels rest at the zero point of the scale 
when the apparatus is evacuated. Phos- 
phorous pentoxide scattered through glass 
wool is placed in the bulb c to take up any 
water vapor present in the natural gas. 
To make a determination of gasoline vapor 
in natural gas the apparatus is first ex- 
hausted of air by means of a vacuum pump 
and the gas sample introduced. The gas 
is forced into the apparatus at a pressure 
slightly above atmospheric, and then the 
three-way stopcock a is opened to the out- 
side air so the pressure inside the appar- 
ratus is atmospheric. The stopcock a is 
then closed and a refrigerant at a tempera- 
ture of about —115° C. is placed around 
the bulb 6. The authors prepare such a 
refrigerant by cooling gasoline with liquid 
air. The gasoline is placed in a Dewar 
flask and stirred with a test tube contain- 
ing liquid air until the temperature of the 
gasoline, as measured with a pentane ther- 
mometer, falls to about —115° C. After 
waiting about 10 minutes the apparatus 
is connected with a good vacuum pump 
and as much gas removed as possible. The 


Figure 4.—Apparatus for determining 
the gasoline content of “dry”? natural 
gas. 


4 Burrell, G. A., and Robertson, I. W., Vapor pressures of various compounds at low temperatures 


Technical Paper 142, Bureau of Minés, 1916, 32 pp. 
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three-way stopcock is then closed and the Dewar flask containing 
the refrigerant removed. The frozen gasoline will immediately start 
to vaporize and exert a certain pressure on the mercury in the ma- 
nometer tube. When the temperature in the bulb is the same as at 
the beginning of the experiment the mercury level in the gage is 
read. This pressure represents the partial pressure of the gasoline 
in the gas sample prior to separation. The method of converting 
the partial pressure of the gasoline vapor into percentage by volume 
is shown by the following calculations: 


Determination of gasoline vapor in natural gas by the freezing method. 


Original pressure (atmospheric) of sample, 740 mm. 
Partial pressure of gasoline vapor, 7.4 mm. 


Percentage by volume of gasoline vapor, z0 0% 100=1.0 per cent. 


The authors have found that the percentage yield as determined 
by the laboratory freezing method corresponds well with the yield 
of gasoline in pints per 1,000 cubic feet of gas, as obtained in actual 
plant operation. In other words, if 1 per cent of gasoline vapor is 
obtained by the freezing test, 1 pint of gasoline per 1,000 cubic feet 
of gas treated will be obtained in an absorption plant. 


ANALYSIS OF NATURAL GAS. 


An analysis of natural gas for methane, ethane, carbon dioxide, and 
nitrogen does not provide much information regarding the gasoline 
content of natural gas, but such a determination is useful in showing 
the percentage of paraffin hydrocarbons present and in calculating 
the specific gravity and the heating value. 

The type of apparatus with which the authors analyze natural gas 
for paraffin hydrocarbons, carbon dioxide, and nitrogen, the con- 
stituents of natural gas (hydrogen sulphide also is present in some 
natural gas) is shown in figure 5. 

The pipette a contains potassium hydroxide solution; pipettes } 
and d contain alkaline pyrogallate solution; the pipette ¢ is the slow 
combustion pipette. ‘The burette fhas a capacity of 100 c. ¢. and is 
graduated to 0.10 c. ¢. 


PROCEDURE IN MAKING ANALYSIS. 


Oxygen or other gas left in the horizontal capillary train from the 
previous analysis is displaced by drawing a few cubic centimeters 
of nitrogen—prepared beforehand by passing air into the pipette 
and absorbing the oxygen by means of the alkaline pyrogallate 
solution—from the pipette d into the burette. This mixture is then 
allowed to escape into the air. 
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About 100 c. c. of the gas sample is then drawn from the sample 
container into the burette. The sample is measured in the burette 
against the pressure existing in the compensating tube by bringing 
the mercury in the manometer tube exactly to the mark g. The 
sample is then passed successively into the potassium hydroxide 
solution to remove carbon dioxide, and the alkaline pyrogallate 
solution to remove oxygen, the burette measurements being made i in 
the same manner as with the original sample. 

The residual gas left after the carbon dioxide and oxygen have 
been determined is discarded. The capillary connections are cleared 
of combustible gas by dilution with air, and 100 c. ¢. or slightly less 
of oxygen is pipes Rk the bur- 
ette and passed into the combustion 
pipette. About 35 c. c. of the gas 
sample is then drawn into the bur- 
ette from the sample container and 
measured. The platinum wire in 
the combustion pipette is then heat- 
ed electrically to a white heat and 
the gas sample passed at the rate of 
about 10 c. c. per minute into the 
combustion pipette containing the 
oxygen. The paraffins burn as fast 
as they enter, so that an explosion 
consequent upon the accumulation 
of gas and oxygen can not follow. 
In analyzing natural gas the authors 
have obtained the best results by 
passing the oxygen into the pipette 
first. When the natural gas is 
passed in first, the mixture does 
not always burn satisfactorily. 

After the paraffins are burned, FicurE 5.—Laboratory form of apparatus for 
which requires about four or five py ee 
minutes, the combustion pipette is allowed to cool and the contrac- 
tion in volume due to combustion is measured. The carbon dioxide 
produced by the combustion is determined by absorption in the 
potassium hydroxide solution. Then the gas is passed into the 
alkaline pyrogallate solution to make sure that sufficient oxygen has 
been present for the complete combustion of the paraffins. Some 
samples of natural gas, especially gas from which gasoline can be 
recovered, may contain such a large proportion of the higher paraffin 
hydrocarbons that 100 ¢c. c. of oxygen will not be sufficient for the 
complete oxidation of 35 c. c. of natural gas. For such samples a 
smaller quantity of the gas must be used for the combustion. 
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In no case is the mercury in the burette raised above the upper 
stopcock. The gas remaining in the capillary tubing at any stage 
of the analysis is brought in contact with the solutions by passing it 
back and forth several times between the burette and the pipette. 
After combustion, for instance, some carbon dioxide will remain in 
the capillary tubing between the combustion pipette and the burette 
when the gas is drawn back into the burette to record the contrac- 
tion in volume. After most of the carbon dioxide has been absorbed 
by the potassium hydroxide the small quantity that remains in the 
capillary tubing is swept out of the tubing into the potassium hydrox- 
ide pipette, and the operation is repeated in order to insure the 
complete removal of the carbon dioxide. If this precaution is not 
taken an error of considerable magnitude will result. Finally the 
residual gas is burned again in the combustion pipette, and the 
amount of contraction and the volume of carbon dioxide are measured. 
This second burning is often necessary in order to burn the natural 
gas completely. 


EXAMPLE OF A TYPICAL ANALYSIS. 


A typical analysis with the calculations from the analytical data is 
given herewith. 


FIRST SAMPLE. 
Burette readings, c.c. 


Volume of sample taken for absorption...........-..2.-----+---- 30.70 
Volume after CO, absorption..........2......- 20-2 e eee eee ee eee 30.70 
COPRDSOMHEDS « cc5.5 92.2 saspesns tosh essing aac essTeesos Asse sem . 00 
Volume after O, absorption............2....20. 222 eee eee eens 30. 70 
Op sbaorbed's ac, oo sshey o.0 556 Se seed HosGleainn od asareciceiesics ease 00 


FRESH SAMPLE. 


Volume of oxygen taken for combustion. ...........-...-2---0- 74.85 
Volume of sample taken for combustion. .............---+..--- 30.70 
Total VOWME, 36 sc6c- eh hic edad cide Cams accle PasmrosideveeSeser 105. 55 
Volume alter burnings. <s:sss22cc.5 5s dyso5s cosccc essen seis pees 42.30 
COR Yactions ccSicsmeseG Asse sechhes icesnassaseacodonsacseecies 63. 25 
Volume after CO, absorption...............--002 eee eee eee ee eee 7.20 
GCOg CONMACHON I 15 ccs:cc a tace a aia/eiceserene’s Sogvekets Utsaseshes 35.10 


Methane (CH,) and ethane (C,H,) are calculated from the following 
theoretical equations: 
CH,+20,=CO,+2H,0. 
CH, +2.5 0,=2 CO,+3 H,0. 


Let z=methane and y=cthane. Then 2 7+2.5 y=total contrac- 
tion, and 4+2.0 y=CO, produced. whence CH,=84.1 per cent, and 
C,H,=15.1 per cent. 
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The complete analysis of the natural gas follows: 


Carbon 'dioxide:-(CO)i 63. .isces-Sseesiosie seins sancaaiscaeseis’gine ncins a.0 
OXY ped (O5) oe hse ose co. Wesls Coa ves eue webs aeed piPRabesewten ene a.0 
Methane:(CH) ss: so.csSas cee Sch san lege e ces ce apigesteseeasiees 84.1 
Ethane’ (CyHg) 255350053 s0cad52 525ceers dacs dienes codadegaawae se 15.1 
Nitrogen (Ns) os 6 cee bahachsehth<necsietcckea rede sae se teaeseeee b.8 

100.0 


CALCULATION OF THE SPECIFIC GRAVITY. 


The specific gravity is calculated from the known specific gravities 
of the constituents that comprise the natural gas. These are as 
follows: 

Specific gravitics of constituents of natural gas. 


Specific 

gravit. 
Constituent. (air=1). 
Methane... o.0s2e2osshé cteactes cae oueete seas aae a Obs we ees scess 0. 5545 
Bithaneé-25, sax cecssfcdacote coke the es bas swe bate wanes sie Chee 1. Q494 
Nitrogen -scedes5223c00,8aF84,655 aaisier sod Lda sash eke seo bntdscagics 9674 
Carbon dioxid6.'s, <../ sis. 5 osrip ened. see.cyse awd eins a oe ce ktseess os 1. 5291 
OLY PED sin sisisvig vic Se Aaicicee sean ssc’ calce elegance asswewsctonen ees 1. 1054 


The specific gravity of the natural gas sample then becomes 


0. 8410. 5545=0. 456 
- 1511. 0494= . 158 
-008X .9674= .007 


Total..... . 621 


CALCULATION OF HEATING VALUE. 


The heating value of natural gas is calculated by using the heating 
values of the combustible constituents. These heating values follow: 


Heating values of constituents of natural gas. 


Heating value, 
B. t.u. per cubic 


Constituent. foot at 760 mm. 
pressure. 

0° C. 60° F. 

Methanoe............---- 1065 1008 

PUhane. sss conse vicsawa'e'e 1861 1761 


The heating value of the natural gas sample at 0° C. and 760 mm. 


pressure becomes 
0. 841X1065= 896 B. t. u. 
.151X1861= 281 B. t.u. 


Total. ..1177 B. t.u. 


@ Less than 1 per cent. » Difference. 
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MEASURING THE FLOW OF NATURAL GAS. 
ORIFICE METER. 


An instrument known as the orifice meter, for testing small flows 
of natural gas, is shown in figure 6. This instrument is simple in con- 
struction, consisting of a short 2-inch nipple, 6, with pipe thread on 
one end. and a thin plate 
disk on the other. The 
disk carries a 1-inch orifice, 
a, and a hose connection, 
c, for taking the pressure. 
The meter is especially in- 
tended for testing small 
gas wells and ‘‘casing- 
head”’ gas from oil wells. 
As a rule the flow of gas 
from an oil well is rathor 
small, and it is not advis- 
able to test the flow with 
a Pitot tube such as is 
used in testing large gas 
wells. In using the orifice 
tester, it is necessary to 
know the specific gravity 
of the gas in order to ob- 
tain the flow. 

Before tho orifice well 
tester is attached to the 
casing head the well 
should be permitted to 
blow into the atmosphere 
until the head of the gas 
is reduced and the flow 
has become normal. Then the tester is attached by simply screwing 
it into the end of a 3-foot length of 2-inch pipe and the pressure is 
read in inches of water on the siphon gage d. In the tables,? on 
pages 19 to 20, the flow of the well with values for the gas of different 
gravitics is opposite the gage reading. The orifice in the instrument 
should be kept dry and uninjured; otherwise the gage reading will 
not be correct. 


Figure 6.—Orifice meter for testing small flows of natural gas. 


@ Westcott, H. P.: Handbook of natural gas, 1915, pp. 545-548. 
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Capacities of orifices for testing flows of natural gas from small gas wells and casing-head gas from oil wells.—Continued. 


ONE-HALF INCH ORIFICE, IN PLATE } INCH THICK. 


Capacity, in cubic feet. per 24 hours, at specific gravity of— 
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MEASURING THE FLOW OF NATURAL GAS. 21 
PITOT TUBE FOR TESTING OPEN FLOW OF GAS WELLS. 


The most accurate way of testing the flow of a gas well is by means 
of the Pitot tube, which is an instrument for determining the velocity 
of flowing gas by means of its momentum. The instrument, as 
shown in figure 7, usually consists of a small tube, with one end bent 
at right angles, which is inserted in the flowing gas, just inside the 


Figure 7.—Pitot tube, 


pipe or tubing a, at a point between one-third and one-fourth of the 
pipe’s diameter from the outer edge of the pipe. The plane of the 
opening in the tube is held at right angles to the flowing gas. Ata 
convenient distance, varying from 1 to 2 feet, an inverted siphon or 
U-shaped gage, usually half filled with mercury or water, is attached 
to the other end. If the pressure of the flow is more than 5 pounds 
per square inch, a pressure gage is required. 
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In small-sized wells with a flow of not more than ‘4,000,000 cubic 
feet per 24 hours, a 12-inch U-gage with water can be used; for flows 
ranging from 4,000,000 to 15,000,000 feet, mercury in a 12-inch U- 
gage; for 15,000,000 to 35,000,000 feet, a 50-pound spring gage, and 
for more than 35,000,000 feet, a 100-pound spring gage should be used. 
The foregoing figures are based on a 6-inch hole. 

For convenience, a scale graduated from the center in inches and 
tenths of an inch is attached between the two limbs of the U-gage. 
The distance above and below this center line at which the liquid in 
the gage stands should be added, the object being to determine the 
exact distance between the high and low side of the fluid in. inches 
and tenths of an inch. 

The top joint of the tubing or casing should be free from fittings for 
a distance of 10 feet below the mouth of the well where the test is 
made. The test should not be made in a collar or gate or at the mouth 
of any fitting. The well should be blown off at least three hours prior 
to making the test. 

After the velocity pressure of the gas flowing from the well tubing 
has been determined in inches of water, inches of mercury, or pounds 
per square inch, as outlined above, the corresponding flow may be 
obtained from the following table. The quantities of gas stated in 
the table are based on a pressure of 4 ounces above atmospheric, or 
14.65 pounds per.square inch absolute pressure, a flowing temperature 
of 60° F., a storage temperature of 60° F., and a specific gravity of 
0.60 (air=1). If thespecific gravity is other than 0.60 the flow should 

0.60 
be eee, by meat gravity of gas” 


‘a Westcott, H. Pe; Handbook of natural gas, “1915, pI pp. 176, 1 177. 
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For pipe diameters other than those given in the preceding table, 
the following multipliers should be applied to the figures for 1-inch 
tubing given in the table. 


Multipliers for pipe diameters ranging from 1} to 12 inches, 


Diameter Diameter Diameter 
H Multi- h Iti- ; - 
of pipe, he of pipe, bel of pipe, pa 
inches. Beer: inches. Pees inches. rer: 

= = = 
1} 2. 25 5 25 | 8 64 
2h 6.25 5g 31.64 | 8} 68 
4 18 6 36 | 9 81 
4g 21.39 6} 39 10 | 100 
} 43.9 12 144 

\ 
SUMMARY. 


Natural gas to be treated by compression and condensation 
methods may be tested for its gasoline content by determining 
the specific gravity of the gas and the percentage of absorption in 
oil. The quantity of gasoline that may be obtained from natural 
gas ranging in specific gravity from 0.64 to 1.46 varies from zero to 
5 gallons per 1,000 cubic feet of gas tested. The yield corresponding 
to the percentage of the gas absorbed in oil varies from zero for an 
absorption of 16 per cent to 5 gallons for an absorption of 86 per cent. 

So called ‘dry gas” can be tested for treatment by the absorption 
process, a method that is a duplicate on a small scale of the large- 
scale practice. The method consists in absorbing the gasoline in 
“mineral seal oil’’ by passing a measured amount of the gas through 
the oil in a portable absorber and then distilling the absorbed gaso- 
line out of the oil. 

Another method that is essentially a laboratory method consists 
in freezing the gasoline out of the natural gas at a temperature of 
about — 115° C. 

The flow of gas from a well may be determined by the use of a 
Pitot tube or an orifice meter; the flows of less than 15,000 feet in 
24 hours may be measured directly by domestic meters. 
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PUBLICATIONS ON PETROLEUM TECHNOLOGY. 
PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


A limited supply of the following publications of the Bureau of 
Mines has been printed, and is available for free distribution until the 
edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial interest 
to them. Requests for publications should be addressed to the 
Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications 
available for free distribution as well as those obtainable only from 
the Superintendent of Documents, Government Printing Office, on 
payment of the price of printing. Interested persons should apply 
to the Director, Bureau of Mines, for a copy of the latest list. 


BuLieTin 88. The condensation of gasoline from natural gas, by G. A. Burrell, 
F. M. Seibert, and G. G. Oberfell. 1915. 106 pp., 6 pls., 18 figs. 

TECHNICAL Parer 32. The cementing process of excluding water from oil wells, as 
practiced in California, by Ralph Arnold and V. R. Garfias. 1913. 12 pp., 1 fig. 

TECHNICAL Paper 37. Heavy oil as fuel for internal-combustion engines, by I. C. 
Allen. 1913. 36 pp. 

TrecHNICAL Paper 38. Wastes in the production and utilization of natural gas and 
means for their prevention, by Ralph Arnold and F. G. Clapp. 1913. 29 pp. 

TEcHNICAL Paper 42. The prevention of waste of oil and gas from flowing wells in 
California, with a discussion of special methods used by J. A. Pollard, by Ralph 
Arnold and V. R. Garfias. 1913. 15 pp., 2 pls., 4 figs. 

TECHNICAL PAPER 45. Waste of oil and gas in the Mid-Continent fields, by R. S. 
Blatchley. 1914. 54 pp., 2 pls., 15 figs. 

TEcHNICAL Paper 49. The flash point of oils; methods and apparatus for its deter- 
mination, by I. C. Allen and A. S. Crossfield. 1913. 31 pp., 2 figs. 

TecunicaL Paver 57. A preliminary report on the utilization of oil and natural gas 
in Wyoming, by W. R. Calvert, with a discussion of the suitability of natural gas for 
making gasoline, by G. A. Burrell. 1913. 23 pp. 

TECHNICAL Parer 66. Mud-laden fluid applied to well drilling, by J. A. Pollard and 
A.G. Heggem. 1914. 21 pp., 12 figs. 

TECHNICAL Paper 68. Drilling wells in Oklahoma by the mud-laden fluid method, 
by A. G. Heggem and J. A. Pollard. 1914. 27 pp., 5 figs. 

TECHNICAL ParER 70. Methods of oil recovery as practiced in California, by Ralph 
Arnold and V. R. Garfias. 1914. 57 pp., 7 figs. 

TECHNICAL Paper 72. Problems of the petroleum industry; results of conferences 
at Pittsburgh, Pa., August 1 and September 10, 1913, by I. C. Allen. 1914. 20 pp. 

TECHNICAL Paper 74. Physical and chemical properties of the petroleums of Cali- 
fornia, by I. C. Allen, W. A. Jacobs, A. S. Crossfield, and R. R. Matthews. 1914. 
38 pp., 1 fig. 

TECHNICAL Parer 79. Electric lights for oil and gas wells, by H. H. Clark. 1914. 
8 pp. 

TrEcHNICAL Parer 104. Analysis of natural gas and illuminating gas by fractional 
distillation in a vacuum at low temperatures and pressures, by G. A. Burrell, F. M. 


Seibert, and I. W. Robertson. 1915. 41 pp., 7 figs. 
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TecunicaL Parer 117., Quantity of gasoline necessary to produce explosive vapors 
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